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Adolescents commonly engage in substance use and sexual behaviours which pose 
risks for their health. Secondary data analysis of two school based surveys explored 
the clustering of lifetime use of cigarettes, alcohol, cannabis, and engagement in 
sexual intercourse among 2489 adolescents in Scotland and 1405 adolescents in 
Northern Ireland. All four behaviours were clustered with substantially higher 
prevalence than expected (11 and 24 times higher respectively). Multiple logistic 
regression models indicated associations of the four behaviour cluster with socio-
demographic factors, with family structure operating as a predictor of clustering 
across the sample, and deprivation operating as a predictor for the Scottish sample. 
This suggests a need to focus on the interdependence of risk behaviours and factors 
associated with engagement in risk clusters in distinct cultural settings. 
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Adolescence (between 10 and 19 years old) is a time when many young people 
engage in behaviours typically considered to be risky, such as substance use and 
sexual activity, which can have negative consequences for health and well-being 
(WHO, 2018). Smoking cigarettes, consuming alcohol, and using cannabis are 
among the most prevalent substance use behaviours in the adult population (Gowing 
et al., 2015). These three substance use behaviours tend to have high rates of 
experimentation in adolescence, resulting, frequently, in initiation into a sustained 
pattern of use beyond adolescence and across the life span (van Nieuwenhuijzen et 
al., 2009).  
Cigarettes and alcohol both pose considerable health risks, tobacco consumption 
accounts for around 11% of deaths among men, and 6% of deaths among women 
globally (Gowing et al., 2015), while alcohol accounts for approximately 5.9% of 
deaths globally (WHO, 2014). Cannabis use has been consistently linked with a 
spectrum of physical and mental health issues (Hall & Degenhardt, 2009). Similarly 
although sexual activity is developmentally normal, there is substantial evidence to 
indicate that sexually active adolescents have disproportionately higher levels of 
engagement in unprotected sex, activity with multiple partners, sexually-transmitted 
infections (STIs) and pregnancy (Edelman, de Visser, Mercer, McCabe & Cassell, 
2015).  
Not all young people will engage in these substance use and sexual behaviours, but 
among those who do there is evidence that they will engage in more than one of 
these, in a cluster-like fashion. Cigarette use has consistently been linked with use of 
other substances (Conway et al., 2018; Ramo, Liu & Prochaska, 2012; Richter, 
Pugh, Smith & Ball, 2017), as well as with sexual risk behaviours (McAloney, 
McCrystal & Percy, 2010; Ritchwood, DeCoster, Metzger, Bolland and Danielson, 
2016). Adverse sexual outcomes and risk behaviours have been linked with a range 
of substance use behaviours, including smoking, alcohol consumption and cannabis 
use (Edelman et al., 2015; Young, Burke & Nic Gabhainn, 2018). Research 
associations between adolescent smoking and ‘early sexual initiation’ have been 
found for females in particular, with Jackson, Sweeting and Haw (2011) finding 
clustering effects related to gender but not social class. Ritchwood, Ford, DeCoster, 
Sutton and Lochman (2015), however, reported a weak to moderate relationship 
between risky sexual behaviours and substance use in adolescents in their meta-
analysis, indicating that the strength of the effect varied by type of sexual activity, 
and was moderated by socio-demographic variables. 
While several studies have investigated the co-occurrence of risk behaviours in 
adolescence, increasingly those investigations have been extended to examine the 
clustering, or statistical interdependence, of the behaviours (McAloney Graham, Law 
& Platt, 2013). In their systematic review Meader et al. (2016) reported that among 
young adults sexual risk behaviours and substance use are consistently clustered, 
although they suggest a need for further research on the clustering of cigarette use 
with sexual risk behaviours. Variations in clustering and co-occurrence of risk 
behaviours have been reported across socio-demographic characteristics (de 
Winter, Visser, Verhulst, Vollebergh & Reineveld, 2016; McAloney, 2015), and 
Meader et al. (2016) identified socio-economic status as the most influential predictor 
of engaging in clustered risk behaviours.  
Participation in more than one of the behaviours presents an increased potential for 
negative health consequences as a result, and consequently it is important to 
understand the patterns of risky behaviours that young people engage with. This 
paper aimed to investigate clustering of lifetime/ever cigarette smoking, alcohol 
consumption, cannabis use and sexual intercourse among adolescents, using data 
from two large school-based surveys, and to explore socio-demographic factors 
associated with lifetime engagement in all four behaviours. 
Method 
Participants 
The samples consisted of 2489 young people ages 14 - 17 years who completed the 
Health Behaviours in School Aged Children Scotland Survey 2014 sweep (HBSC; 
Inchley, 2017); and 1405 young people aged 14 - 18 years who completed the 
Northern Ireland Young Persons’ Behaviour and Attitudes Survey 2013 (YPBA; 
Northern Ireland Statistics and Research Agency Central Survey Unit, 2015), and 
had responses on the four behaviours of interest. The HBSC Scotland study is part 
of a large-scale, international, school-based study including data from young people 
across 44 countries and regions, addressing health and well-being. The YPBA is a 
school-based survey of young people in Northern Ireland. Both surveys are provided 
with weighing variables to account for the study designs and non-response. 
The gender distribution across both samples was fairly even (HBSC male = 
49.2%weighted; YPBA male = 50.6%weighted). The weighted mean age of the HBSAC 
sample was 15.67 years (sdunweighted = 0.38), and for the YPBA was 15.37 years 
(sdweighted = 0.64) 
Measures 
The design and scope of both surveys are reported elsewhere (Currie, Inchley, 
Molcho, Lanzi, Veselska & Wil, 2014; Northern Ireland Statistics and Research 
Agency Central Survey Unit, nd). Both surveys are school based surveys of 
adolescents, weighted for representativeness. Participants are asked to self-report 
on measures across a number of domains related to their health, well-being, 
behaviours, family, environment and experiences. For this study only the variables of 
interest are detailed below. 
Substance use behaviours. In the HBSC survey participants were asked to indicate 
how often in their lifetime they had consumed each of three substances - cigarettes, 
alcohol and cannabis. In the YPBA participants were asked to indicate if they had 
ever used any of the three substances. Responses where dichotomised to a yes/no 
response for ever use of the substance in order to harmonise the outcome variables 
across the two surveys to allow the same analysis to be performed across both 
surveys. 
Sexual intercourse. In the HBSC survey participants were asked to indicate if they 
had ever engaged in sexual intercourse. In the YPBA participants were asked to 
indicate how much sexual experience they had, with a response option to record if 
they had participated in sexual intercourse. All responses where dichotomised to a 
yes/no response for ever had sexual intercourse, again to allow the same analysis to 
be performed across both surveys. 
Socio-demographics. All participants were asked to indicate their gender and their 
age. For the YPBA age was recorded rounded to the nearest whole year, while for 
the HBSC age was recorded as years and months relative to the date of data 
collection. Deprivation was included as a reflection of socio-economic status. It was 
recorded in both surveys as an index of Multiple Deprivation (Scottish Index of 
Multiple Deprivation; and NI Index of Multiple Deprivation), participants were 
recorded in one of 5 deprivation groups based on established quintile thresholds (1 - 
most deprived; 5 - least deprived).  Both indexes reflect relative deprivation based on 
indicators across domains of income, health, employment, education, housing and 
crime at a geographical area level. The HSBC data file contained a derived variable 
of family structure, with options of both parents, single parent, step-parent, and 
other. The YPBA contained several items recording who the young person lived with, 
which were used to create a family structure variable with the same codes as the 
HSBC variable. Responses which indicated kinship care and foster care were coded 
as other. 
Procedure 
Frequencies of participation in each of the four risk behaviours were produced for 
both samples, and clustering was investigated with the Odds/Expected (O/E) ratio 
method (Hardy et al., 2012). Using this method the prevalence of each individual 
behaviour within the sample is calculated, expected prevalence figures for the 
specific behaviour combinations are then derived by multiplying the individual 
prevalence values each divided by 100, together and multiplying this figure then by 
100 to reflect the proportion of the sample that would be expected to display that 
particular combination if the behaviours were independent. For example for the 
behaviour combination of smoking, alcohol, no cannabis use and no sex the 
calculation would be: ((prevalence of smoking/100)*(prevalence of 
alcohol/100)*(prevalence of none use of cannabis/100)*(prevalence of no sexual 
intercourse/100))*100. Behaviours are clustered when the observed frequency of the 
specific combination differs from the frequency expected for co-occurring but 
independent behaviours. O/E ratios greater than 1.00 indicate higher than expected 
prevalence, and therefore interdependence of the behaviours, while values less than 
1.00 indicate a lower than expected prevalence. 95% confidence intervals are 
produced to reflect the confidence in the O/E value and to indicate where 
interdependence is present. Multiple logistic regression models were estimated to 
investigate associations between socio-demographic factors and participation in all 
four behaviours. Descriptive analyses, and multiple logistic regressions were 
performed in SPSS 23.0, and calculations of the O/E ratio performed in Excel. 
 
Results 
As can be seen in table 1 for both samples having consumed alcohol was the most 
frequently reported behaviour, followed by having smoked a cigarette. Of particular 
note the prevalence of each behaviour were considerably higher for the Scotland 
sample than the Northern Ireland sample, and with the exception of cigarette 
smoking the differences in prevalence where statistically significant. While cannabis 
and sexual intercourse had comparable prevalence rates among the Northern 
Ireland youth at around 10%, one quarter of the Scotland sample had engaged in 
sexual intercourse, and over one sixth had consumed cannabis. 
[Table 1] 
The proportion of young people in Scotland reporting all four behaviours was three 
times greater than in Northern Ireland (table 2), while just over one fifth of the young 
people in Scotland reported none of the behaviours compared to almost two fifths of 
young people in Northern Ireland. Among the Scotland sample prevalence rates of 
participation in a single, two, three and all four behaviours were higher than among 
the Northern Ireland sample. 
[Table 2]  
Table 3 displays the observed frequencies and the O/E ratios for both samples. Most 
behaviour combinations were less prevalent than expected if the behaviours were 
independent, and a number of combinations were more prevalent; indicating 
clustering of the four behaviours. In both the Scotland and Northern Ireland samples 
participation in none of the four behaviours was more common than expected, with 
prevalence two times higher for the Scotland sample and one and a half times higher 
in the Northern Ireland sample. Similarly the prevalence of the combination of 
cigarettes, alcohol and cannabis was two times greater in the Scotland sample, and 
four times greater in the Northern Ireland sample than expected. For the Scotland 
sample the use of alcohol, without lifetime use of any other substance or 
engagement in sex was also slightly more prevalent than expected. In both the 
Scotland and Northern Ireland samples lifetime participation in all four behaviours 
was also clustered. Lifetime participation in all four behaviours was 11 times higher 
than expected in the Scotland sample, and 24 times higher than expected in the 
Northern Ireland sample.  
Notably, none of the participants in either sample reported lifetime use of cigarettes 
and sexual intercourse, in the absence of alcohol and cannabis. For the Northern 
Ireland sample there were also no reports of lifetime cannabis use only, lifetime 
cannabis use and sexual intercourse, or lifetime use of cigarettes, cannabis, and 
sexual intercourse.  
[Table 3] 
Logistic regression models were estimated to explore socio-demographic factors 
associated with membership of the four behaviour cluster (table 4). For young people 
from Northern Ireland the odds of lifetime participation in all four increased with age, 
and young people from single parent families had odds two times greater compared 
to those where both parents were present. For young people to Scotland a slightly 
different pattern emerged. Age was not significantly associated with the four 
behaviour cluster, however both family structure and deprivation were. Young people 
from single parent families, and families with a step-parent present had greater odds 
compared with those where both parents were present. Those young people in the 
highest, and second highest deprivation groups had almost three times higher odds 
of lifetime participation in all four behaviours compared to those in the lowest 
deprivation group. 
Discussion 
In both the Scotland and Northern Ireland samples, the majority of young people 
engaged in one or more risk behaviours, with a notable proportion engaging in 
multiple risk behaviours. The results indicate an interdependent relationship between 
lifetime smoking, alcohol consumption, cannabis use and sexual activity, with these 
behaviours statistically clustered rather than simple co-occurrence of the behaviours, 
and lends further support to the claim of shared underlying processes (Jessor, 1991; 
Weis et al., 2008).  While for many of the combinations the prevalence is lower than 
expected, it is important to note that for both samples the combination of cigarette, 
alcohol and cannabis use; and of all four behaviours occurs at a much greater 
prevalence that expected, highlighting a need to recognise and address not just the 
individual behaviours but the interdependence among them.  
Of particular note are the deviations in prevalence across the two samples, where 
the sample of young people from Scotland had consistently higher prevalence of 
each of the individual behaviours, number of risk behaviours, and for many of the 
behaviour clusters. The sample from Northern Ireland did, however, have higher 
prevalence rates for consumption of cigarettes and alcohol only, for cigarettes only, 
and for participation in none of the behaviours in comparison with the Scotland 
sample. Individually there were substantially lower rates of lifetime cannabis 
consumption and of sexual intercourse among the Northern Ireland sample. While an 
explanation for this discordance in prevalence rates among youth samples from 
different regions of the UK is beyond the scope of this paper, it may reflect 
differences at a societal and community level, such as levels of religiosity and 
religious conservatism which is traditionally higher in Northern Ireland than in 
Scotland (Mitchell, 2006; Sneddon & Kremer, 1992) or accessibility of the behaviour.  
Scotland and Northern Ireland both have large rural areas and populations, however 
Northern Ireland has restricted public transport systems and access compared to 
other areas of the UK, and it is possible that this may restrict the ability of young 
people to engage with these behaviours. 
Despite the differences in prevalence rates across both samples family structure 
emerged as significant factors in participation in all four risk behaviours, with young 
people from single parent families more likely to engage in all four behaviours, as 
where young people with step-parents in the Scotland sample. Deprivation did not 
emerge as a significant predictor for the sample from Northern Ireland which is 
contrary to the findings of Meader et al. (2016), but was for Scotland, where the odds 
were between 2.5 and 3 times higher of participation in all four behaviours for 
deprived youth. Interestingly however, gender was not significantly associated with 
the 4 risk cluster in the model for either sample, which is contrary to other findings 
where there were variations across gender groups (McAloney, 2015). This suggests 
that male and female adolescents may be equally at risk of engagement with these 
substances and sexual activity, and interventions to reduce engagement should be 
targeted equally to male and female youth. 
The findings suggest variations in vulnerability to risk behaviours among young 
people across these two regions of the UK, and indicate an interdependence among 
the risk behaviours of cigarette use, alcohol consumption, cannabis consumption 
and sexual intercourse which needs to be better understood in order to appropriate 
direct resources to support young people as they develop through adolescence. 
Although experimentation is considered developmentally appropriate at this life stage 
(Bartlett, Holditch-Davies & Belyea, 2007), it is important to further explore the 
factors that influence young peoples’ risk behaviours, to ensure that experimentation 
at this stage does not set in train a pattern of consistent use, and subsequent health 
problems (Due et al, 2011). Future research may wish to assess qualitatively the 
experiences and decision-making processes of adolescents around their clustering 
of substance use and sexual behaviours. 
This study does have several limitations which must be recognised, most notably the 
focus on ‘ever’ participating in the behaviours, which does not allow for any 
distinction to be made between experimentation with a substance or activity and 
initiation of that behaviour over a more sustained period of time. However this 
dichotomization is necessary to identify if statistical significant clusters of behaviours 
are present (McAloney et al., 2013). Further research which explores the clustering 
of established substance use patterns among young people would be beneficial. 
Additionally there were limitations as to the number of socio-demographic 
characteristics which could be explored in this analysis, due to the secondary data 
analysis design and the use of regional data sets. Socio-demographic characteristics 
included in this analysis were restricted to those which were consistent across both 
surveys. Both samples were drawn from existing surveys conducted in Northern 
Ireland and Scotland within school settings, and so may not be representative of 
adolescents in other countries or locales; although both surveys are weighted to 
support representativeness of their populations.  
Despite these limitations the findings indicate a statistical interdependence of these 
lifetime risk behaviours in young people, and identify a number of socio-demographic 
characteristics - family structure, age and deprivation, which may make young 
people more vulnerable to engagement with multiple risk behaviours. More research 
is needed to understand young people’s vulnerabilities to multiple risk behaviours, 
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Prevalence of individual behaviours for both samples 
 Scotland  Northern Ireland  
 %weighted Nunweighted %weighted Nunweighted 
2 
Alcohol 75.1 1828 59.0 818 95.56*** 
Cigarettes 27.5 640 23.8 328 2.70 
Sexual 
Intercourse 
25.0 624 9.9 136 135.42*** 
Cannabis 17.2 380 9.8 135 25.06*** 
Note: Scotland N = 2489, Northern Ireland N = 1405; *** = p<0.001 
 
Table 2: 
Proportions reporting multiple behaviours 
 Scotland Northern Ireland 
0 22.4 38.6 
1 40.7 35.3 
2 16.4 14.3 
3 10.6 8.5 
4 9.9 3.3 
Table 3: 
Prevalence and O/E ratios for behaviour combinations 









O/E 95% CI 
No outcomes 22.40 11.21 2.00 1.83 - 2.16 38.70 46.06 
 
1.52 1.39 - 1.64 
Cigarettes only 0.30 4.25 0.07 0.02 - 0.12 1.30 7.07 0.16 0.09 - 0.24 
Alcohol only 38.60 33.81 1.14 1.07 - 1.21 33.30 28.23 0.91 0.83 - 0.99 
Cannabis only 0.10 2.33 0.05 -0.02 - 0.10 0.00 2.37 a a 
Sex only 1.80 3.74 0.48 0.34 - 0.62 0.80 5.06 0.29 0.11 - 0.46 
Cigarettes and alcohol 7.10 12.83 0.55 0.47 - 0.64 10.90 4.33 0.96 0.91 - 1.00 
Cigarettes and cannabis 0.00 0.88 0.00 -0.05 - 0.05 0.10 0.36 0.12 -0.10 - 0.33 
Cigarettes and sex 0.00 0.00 a a 0.00 0.00 a a 
Alcohol and cannabis 1.20 7.02 0.17 0.11 - 0.23 1.10 1.45 0.28 0.15 - 0.41 
Alcohol and sex 7.90 11.27 0.70 0.60 - 0.80 2.10 3.10 0.52 0.35 - 0.70 
Cannabis and sex 0.00 0.78 0.00 -0.06 - 0.06 0.00 0.26 a a 
Cigarettes, alcohol and 
cannabis 
5.30 2.66 1.99 1.65 - 2.33 4.90 0.22 3.95 3.08 - 4.83 
Cigarettes, alcohol and sex 4.60 12.83 0.36 -538.54 - 
539.26 
3.10 4.33 0.27 -54.07 - 
54.62 
Cigarettes, cannabis and 
sex 
0.10 0.29 0.34 0.03 - 0.65 0.00 0.04 a a 
Alcohol, cannabis and sex 0.60 2.34 0.26 0.16 - 0.39 0.50 0.16 1.15 0.37 - 1.93 
All four behaviours 9.90 0.89 11.15 9.75 - 12.55 3.30 0.02 24.23 17.65 - 
30.80 
Notes: a, values cannot be calculated due to an observed prevalence of 0; bold text indicates significant clustering above that 








Multiple logistic regression of membership of 4 lifetime behaviour cluster with socio-
demographic characteristics 
 Scotland Northern Ireland 
 OR 95%CI OR  95% CI 
Gender     
Male - - - - 
Female 1.267 0.817 - 1.965 0.626 0.328 - 1.195 
Age 1.840 0.984 - 3.443 3.164 1.634 - 6.127 
Family structure     
Both parents - - - - 
Single parent 1.867 1.111 - 3.137 2.213 1.081 - 4.531 
Step-parent 2.147  1.187 - 3.883 2.450 0.825 - 7.277 
Other 2.658 0.763 - 9.261 3.497 0.737 - 16.591 
Multiple Deprivation     
Most Deprived 2.699 1.264 - 5.762 0.560 0.196 - 1.605 
2 2.964 1.424 - 6.117 0.787 0.312 - 1.984 
3 1.493 0.671 - 3.322 0.436 0.155 - 1.226 
22 
 
4 1.486 0.694 - 3.186 0.3.54 0.111 - 1.123 
Least deprived - - - - 
Notes: Significant values in bold 
 
 
 
 
 
 
 
 
 
